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ABSTRACT
We analyze a KeckI/LRIS nebular spectrum taken 268 days after B-band maximum of ASASSN-18bt
(SN 2018oh), a Type Ia supernova (SN Ia) observed by K2 at the time of explosion. ASASSN-18bt exhib-
ited a two-component rise to peak brightness, possibly the signature of an interaction between the SN ejecta and
a large (& 20 R) nearby, non-degenerate companion. We search for emission signatures of stripped material
from a non-degenerate companion in the nebular spectrum and find no evidence for any unbound material. We
place an upper limit of < 0.006 M on the amount of stripped/ablated H-rich material that could go undetected
in our spectrum, effectively ruling out all hydrogen-rich donor stars. Additionally, we place a more tentative
upper limit on HeI emission in the observed spectrum of . 0.02 M which also rules out helium star com-
panions. Our deep limits rule out a non-degenerate companion as the explanation for the early-time feature in
ASASSN-18bt.
Keywords: supernovae: general – supernovae: individual (ASASSN-18bt/SN2018oh) – techniques: spectro-
scopic
1. INTRODUCTION
Although Type Ia supernovae (SNe Ia) have been anchors
for cosmological studies, their origins remain elusive. The
consensus is a carbon/oxygen (C/O) white dwarf (WD) expe-
riencing a thermonuclear explosion (Hoyle & Fowler 1960),
although the mechanism for actually exploding the WD is
still debated. The current literature on SNe Ia progenitors
can be grouped into two broad categories: the single degen-
erate (SD) and double degenerate (DD) scenarios (see Maoz
et al. 2014 for an in-depth review).
The DD scenario involves two WDs colliding or coalesc-
ing to produce a SN Ia. The exact merger process is unclear,
with theories including gravitational wave emission from a
close binary (e.g., Tutukov & Yungelson 1979; Iben & Tu-
tukov 1984; Webbink 1984), a violent collision due to per-
turbations from a third (e.g., Thompson 2011; Katz & Dong
2012; Shappee & Thompson 2013; Antognini et al. 2014)
or fourth body (e.g., Pejcha et al. 2013), runaway accretion
from the lower-mass WD onto the smaller, more massive WD
(e.g., Pakmor et al. 2012), or a "Double-detonation", where
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an initial detonation in an accreted He surface layer triggers
carbon detonation in the core of the sub-Chandrasekhar mass
WD (Fink et al. 2010; Kromer et al. 2010). Since both stars
involved in this process are intrinsically faint, finding and
characterizing these systems is exceptionally difficult (e.g.,
Rebassa-Mansergas et al. 2018). However, some tentative
progress has been made, such as bi-modal emission in the
nebular phase (Dong et al. 2015), constraints on nucleosyn-
thetic yields (e.g., Shappee et al. 2017), and potential hyper-
velocity remnants (Shen et al. 2018). No concrete detections
of a DD system have been discovered thus far, and the ma-
jority of DD progenitor conclusions stem from ruling out SD
systems.
In the SD case, the WD has a non-degenerate compan-
ion, such as a main-sequence (MS), sub giant (SG), or red
giant (RG) star, undergoing Roche Lobe overflow (RLOF).
Mass-transfer onto the WD occurs until the WD is destabi-
lized and explodes. There are several observational signa-
tures expected from the SD channel of SNe Ia regardless of
the explosion mechanism. X-rays are expected from the ac-
cretion onto the WD (Lanz et al. 2005), which should have
observational signatures many years after explosion (e.g.,
Woods et al. 2018). When the ejecta strikes the compan-
ion, ∼ 0.15− 0.5 M of mass will be stripped/ablated from
the donor star (Marietta et al. 2000; Pan et al. 2012; Boehner
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et al. 2017), and should be visible once the SN Ia enters the
nebular phase (Mattila et al. 2005; Botyánszki et al. 2018).
Additionally, the ejecta-companion interaction should create
a blue signature in the rising light curve detectable within the
first 1−2 days of explosion (Kasen 2010). Assuming RLOF,
these signatures are dependant on both the radius of the com-
panion and the viewing angle of the explosion, which can
mask potential detections.
Modern surveys have become increasing capable of dis-
covering nearby SNe within a day or two of explosion and
probing the early light curves of SNe Ia. There are many
SNe Ia which show smoothly-rising light curves (e.g., Nu-
gent et al. 2011; Cartier et al. 2017; Holmbo et al. 2018),
yet some exhibit a rise to peak that does not follow a sin-
gle power law (e.g., SN 2012fr (Contreras et al. 2018),
SN 2013dy (Zheng et al. 2013), SN 2014J (Goobar et al.
2015; Siverd et al. 2015), MUSSES1604D (Jiang et al.
2017), iPTF16abc (Miller et al. 2018), and SN 2017cbv
(Hosseinzadeh et al. 2017)) with ASASSN-18bt falling into
this category (Shappee et al. 2018a). This deviation from
a single power-law rise has been interpreted as potential
ejecta-companion interaction (e.g., SN 2017cbv, Hossein-
zadeh et al. 2017), especially when accompanied by a blue
excess. Yet searches for other expected signatures of SD pro-
genitor systems in SN 2017cbv return null results (Sand et al.
2018). The difference between these two types of early SNe
Ia light curves can potentially be explained by a viewing an-
gle argument, but it is still unclear if these deviations are truly
indicative of ejecta-companion interaction, or suggestive of
other physical processes intrinsic to the SN Ia explosion.
Stritzinger et al. (2018) recently uncovered two distinct
SN Ia populations in observations of SNe Ia within days
of explosion, with definitive red and blue populations be-
fore converging to a single relation. Furthermore, the pres-
ence of a blue excess at early times is correlated with photo-
spheric temperature inferred from spectra at maximum light
(“shallow-silicon supernovae”). If the early light curve dif-
ferences were driven entirely by interaction with a compan-
ion and viewing angle, the correlation with SNe Ia pho-
tospheric properties at maximum light is puzzling. When
reaching maximum light, the ejecta has expanded by a fac-
tor of nearly 5000 in volume, is a factor of∼ 50 brighter, and
is now powered by radioactive decay rather than potentially
from shock cooling. Any influence from a possible compan-
ion is likely shrouded at this stage in the SN Ia’s evolution.
Besides early-time light curves, nebular spectroscopy of
SNe Ia provide the unique opportunity to place external con-
straints on the progenitor system. When the companion is
struck by the ejecta, mass is liberated from the donor star
(Wheeler et al. 1975). Initially shrouded by the ejecta, this
unbound material is obscured until the SN Ia reaches the neb-
ular phase (i.e., becomes optically thin). By placing lim-
its on the non-detection of expected spectral features, sta-
tistical limits can be placed on the maximum amount of
stripped/ablated material that could go undetected in the ob-
served spectrum. Comparing the derived limits on unbound
companion material to dedicated SN-companion interaction
simulations in the literature (e.g., Marietta et al. 2000; Pan
et al. 2012; Boehner et al. 2017) can constrain the progeni-
tor system of these SNe Ia. This analysis has been applied
to a few dozen SNe Ia in the literature (Mattila et al. 2005;
Leonard 2007; Lundqvist et al. 2013; Shappee et al. 2013;
Lundqvist et al. 2015; Maguire et al. 2016; Graham et al.
2017; Sand et al. 2018; Shappee et al. 2018b; Holmbo et al.
2018), with no significant detections of unbound companion
material.
Most previous studies on the amount of unbound material
in SNe Ia used the parameterized 1D simulations of Mattila
et al. (2005), which calculated the expected emission from
stripped material at 350 days after SN Ia peak brightness. To
convert flux/equivalent width upper limits to unbound mass
limits, linear scalings were employed (e.g., Leonard 2007).
Recently, Botyánszki et al. (2018) utilized multi-dimensional
radiative transfer codes to calculate the expected emission
from 0.25 M of unbound material. These results differed
from those of Mattila et al. (2005) on two accounts: the
amount of clumping in the stripped material, resulting in
higher emitted luminsoities, and the scaling between stripped
mass and emitted luminosity is closer to exponential than
linear. More stringent mass limits can be placed on non-
detections of H and He in nebular spectra of SNe Ia with
these updated models. Additionally, Botyánszki et al. (2018)
finds that He I lines should also be present from H-rich un-
bound material, assuming the stripped material has non-zero
metallicity. Thus, He I emission can also be used to place
constraints on both H-rich and He-rich donor stars.
ASASSN-18bt (SN 2018oh) was discovered by the All-
Sky Automated Survey for SuperNovae (ASAS-SN; Shappee
et al. 2014) on 2018 Feb. 4.41 in the K2 Campaign 16 field
(Brown et al. 2018; Shappee et al. 2018a). Since ASASSN-
18bt was in the K2 field-of-view (FOV) at the time of ex-
plosion, the rise is extremely well characterized, especially
since this is the brightest SN Ia observed by Kepler thus
far (Shappee et al. 2018a), peaking at Bmax ≈ 14.3 mag on
MJD 58162.7± 0.3 (Li et al. 2018). ASASSN-18bt is lo-
cated in UGC 04780 (z = 0.010981, Schneider et al. 1990) at
a mere 52.7±1.2 Mpc (Li et al. 2018). Additionally, Li et al.
(2018) found no reddening from the host galaxy, so we adopt
the Milky Way reddening E(B −V ) = 0.04 mag (Schlafly &
Finkbeiner 2011).
The mechanism driving the bump and blue excess in the
early light curve of ASASSN-18bt is under debate. Shappee
et al. (2018a) compared the rising light curve of ASASSN-
18bt to various theoretical models including 56Ni mixing in
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Figure 1. 1800 s OSMOS/MDM r-band image used for flux-
calibrating the nebular spectrum. The location of ASASSN-18bt
is indicated by the red ticks. The cyan line indicates the length and
orientation of the 25′′ long × 1′′ wide LRIS slit used in the spec-
troscopic observations. The slit location is shifted horizontally for
visual clarity.
the ejecta (Piro & Nakar 2013), interaction with a RLOF
companion (Kasen 2010), possible interaction with a circum-
stellar wind (Piro & Morozova 2016), and synthetic light
curves of double-detonation models (Noebauer et al. 2017).
Based on the shape of the rise, Shappee et al. (2018a) con-
cluded that 56Ni mixing models can span the observed be-
havior and interaction with a companion is disfavored due to
the rapid rise present in models with a large enough signa-
ture. However, Dimitriadis et al. (2018a) analyzed a similar
set of data and drew a contradictory conclusion, using the ob-
served blue color of ASASSN-18bt during the bump as evi-
dence against a double degenerate system. This discrepancy
warrants additional constraints on the progenitor system of
ASASSN-18bt.
In this Letter, we present a nebular-phase KeckI/LRIS
spectrum of ASASSN-18bt and place strong limits on the
presence of any stripped companion material. In §2, we
present our photometric and spectral data acquisition and re-
duction. In §3, we outline the our methodology in search-
ing for emission signatures of a SD progenitor system. Fi-
nally, in §4, we apply these methods to our nebular spectrum
of ASASSN-18bt, finding no evidence for stripped/ablated
companion material and conclude a likely DD progenitor for
ASASSN-18bt.
2. NEBULAR SPECTRA AND PHOTOMETRY
We obtained nebular spectroscopy of ASASSN-18bt on
2018-11-08 (MJD 58430.65, 268 days after peak B-band
brightness) with the Low Resolution Imager and Spectro-
graph (LRIS; Oke et al. 1995) on the Keck I telescope us-
ing the polarimeter which simultaneously measures the or-
thogonally polarized components (Goodrich et al. 1995).1
Utilizing the 1.′′0 slit, the reduced spectrum covers roughly
3000− 10000Å at a nominal resolution of ∼ 7 Å across the
entire spectral range. The individual 2D spectra are reduced
with Lpipe2, implementing typical spectral reduction tasks
such as bias subtraction, flat-field correction, wavelength cal-
ibration using arc lamp exposures, and flux calibration using
spectrophotometric standard stars. The extracted, 1D spectra
are finally combined to produce a composite spectrum. By
combining all the individual polarized spectra we create a
“total intensity” (i.e. unpolarized) spectrum with an effective
exposure time of 4800 s, which is shown in the top panel of
Fig. 4.
Spectrophotometric standard stars are good for relative
flux calibration, however, slit losses, weather conditions, and
instrumental effects can cause the resulting spectrum to devi-
ate by a factor of a few from absolute flux calibration. Since
the analysis in §4 depends explicitly on the flux calibration
of the observed spectrum we need to place our spectrum on
an absolute flux scale. First we perform aperture photometry
on a 1800 s r-band image acquired on UT 2018-11-03 with
the Ohio State MultiObject Spectrograph (OSMOS; Martini
et al. 2011) on the MDM Observatory Hiltner 2.4-m tele-
scope and is provided in Fig. 1. Aperture photometry of
ASASSN-18bt is conducted using the IRAF apphot package
and calibrated to the ATLAS (Tonry et al. 2018a) All-Sky
Stellar Reference Catalog (Tonry et al. 2018b). We measure
an r-band magnitude of r = 21.42±0.13 mag, and changing
the aperture and sky annulus radii did not substantially af-
fect the resulting magnitude. To place the observed spectrum
on an absolute flux scale, we calculate synthetic photome-
try from the nebular spectrum using Eq. 7 from Fukugita
et al. (1996) then scale the spectrum until the synthetic r-
band magnitude equals the measured value. We estimate the
final flux calibration of the nebular spectrum is good to the
precision of the measured r-band magnitude (∼ 15%).
3. THE SEARCH FOR UNBOUND COMPANION
MATERIAL
When a SN Ia explodes in the SD scenario, the SN Ia
ejecta strikes the companion and removes material from the
nearby donor star. Hydrodynamic simulations agree remark-
ably well on the amount and velocity distribution of unbound
1 The polarimeter module in LRIS was in place for other targets observed
in the same night, but cannot be removed for individual targets.
2 http://www.astro.caltech.edu/~dperley/programs/lpipe.html
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Figure 2. Slice of a reduced 2D spectrum of ASASSN-18bt. The extraction region of ASASSN-18bt is indicated by the faint horizontal white
dotted lines. Extended Hα emission is present in the 2D spectrum, indicating the narrow Hα emission in Fig. 4 originates from the host galaxy.
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Figure 3. Spatial profiles of ASASSN-18bt at Hα (top) and the
region surrounding (but excluding) Hα (bottom) in the combined
2D spectra. The vertical black line indicates the center of the spec-
tral trace, whereas blue vertical lines represent the center of the fit-
ted line profile (Gaussian + linear continuum) for each spatial slice.
Only pixels within ±3” of the spectral trace are included in the line
profile fit. The fitted FWHM of each line profile is provided in the
bottom right of each panel. The spatial profiles for ASASSN-18bt
are discrepant at∼ 3.5σ in width and∼ 2.2σ in line center, indicat-
ing the spatial profile at Hα is influenced by host galaxy emission.
material from the RLOF donor star. For MS, SG, RG, and
He-star companions we expected ∼ 0.2, ∼ 0.15, ∼ 0.5, and
∼ 0.03 M to be removed from the donor star at veloci-
ties ∼ 750, ∼ 750, ∼ 600, and ∼ 1000 km s−1, respectively.
(Marietta et al. 2000; Pan et al. 2012; Liu et al. 2012, 2013;
Boehner et al. 2017)
To search for emission from unbound companion mate-
rial, we follow the methodology of Leonard (2007) with
minor modifications. We fit the continuum with a 2nd-
order Savitzky-Golay polynomial (Press et al. 1992) using
a smoothing width of 3000 km s−1, which is wider than ex-
pected host galaxy lines and narrower than the intrinsic SN
Ia ejecta emission lines. To prevent biasing our derived con-
tinuum, we fit the continuum omitting the spectral regions
around each expected companion signature. We implement
3σ-clipping in our continuum fitting procedure to prevent
instrumental artifacts, host galaxy lines, or telluric features
from affecting the measured continuum.
After fitting the continuum, we subtract it from the ob-
served spectrum and inspect the residuals for emission sig-
natures indicative of material stripped/ablated from a RLOF
companion. We inspect the same lines as those predicted by
Botyánszki et al. (2018) for both H-rich and He-rich com-
panions, including the Balmer series (Hα, Hβ, Hγ), and op-
tical He I lines at 5876Å and 6678Å. We detect no emission
lines with the velocity width expected for stripped material
(∼ 1000 km s−1).
We then compute 5σ upper limits on the equivalent widths
(EW) of these lines using Eq. 4 from Leonard & Filippenko
(2001):
W (5σ) = 5∆I
√
Wline∆X (1)
where W (5σ) is the 5σ upper limit on the EW of an unde-
tected spectral feature, ∆I is the root-mean-square (RMS)
around a normalized continuum, Wline is the width of the
spectral feature in Å, and∆X is the bin size of the spectrum.
Finally, we translate the EW upper limits into limits on un-
bound material assuming a distance of 49 Mpc and using the
multidimensional radiative transfer calculations of Botyán-
szki et al. (2018) and the decay rate derived by Tucker et al.
(in prep).
When placing limits on the presence of unbound com-
panion material from the spectrum, underlying host-galaxy
emission lines can contaminate the region of interest. Fortu-
itously, the SN ejecta (v ∼ 5000 km s−1), stripped/ablated
companion material (v ∼ 1000 km s−1), and host-galaxy
emission lines (v . 100 km s−1) all have significantly differ-
ent velocities (and therefore line widths). Thus, we are able
to disentangle host galaxy and SN Ia ejecta emission from
our derived W (5σ), although the instrumental resolution of
∼ 300 km s−1 places a strict lower limit on any observed ve-
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Figure 4. Flux-calibrated nebular spectrum of ASASSN-18bt from KeckI/LRIS. Insets: Zoomed in view of the region around each expected
emission line, denoted in the top right corner, showing the observed spectrum (black), our continuum fit (red), and the empirical flux limit
(blue). Axis colors correspond to the boxed locations in the top panel. These flux limits rule out all H-rich RLOF non-degenerate companions
and (tentatively) rule out He-rich donors as well (see Table 1). Gray regions mark masked pixels which are excluded from our continuum fit
and the derived W (5σ) (see §3).
locity profiles. While the host galaxy lines and possible tel-
luric features will be narrower than our continuum smooth-
ing, they will still affect our computed EW limits.
Host galaxy lines, including the Balmer series, S II, O III,
N II, and Si II, are present in the reduced spectrum of
ASASSN-18bt. We show a reduced 2D spectrum around
Hα in Fig. 2, which shows apparent narrow, host galaxy Hα
emission extended along the spatial axis. While the velocity
of this material (. 300 km s−1) is too low to originate from
a stripped companion, it may indicate ASASSN-18bt stems
from a young progenitor system. Further studies of the envi-
ronment surrounding ASASSN-18bt, similar to Lyman et al.
(2018), are warranted.
To mitigate contamination from the host galaxy, we mask
out regions contaminated by host galaxy lines, telluric effects
and instrumental signatures in the reduced spectrum (gray
regions in Fig. 4). We implement a correction term to Eq. 1
to account for these masked regions.
f =
∑
n
G(pi)/
N∑
i=1
G(pi) (2)
where p is the set of pixels in the spectral region, G(p) is the
Gaussian function computed at pixels p, N is the complete
set of pixels and n is the unmasked subset of pixels used in
the limit determination (i.e., n⊂N, and n≡N when there are
no masked pixels in a given spectral region). By definition,
f ∈ [0,1] ∀ p and f < 1 when any pixels within 2×FWHM
of line center are masked (i.e., when n 6= N). This accounts for
not using all pixels in the spectral region, but weighting each
pixel by the Gaussian flux at that pixel since pixels near line
center contain more information than pixels on the outskirts
of the line. Thus, our 5σ statistical limit on the non-detection
of a given spectral line becomes
W (5σ) = 5∆I f −1
√
Wline∆X (3)
using the same nomenclature as Eqs. 1 and 2. This modified
form of Eq. 1 retains the same basic formulation while in-
corporating the exclusion of contaminated pixels near the ex-
pected emission features. Any masked pixels result in f < 1,
and therefore increase the resulting W (5σ), ensuring our sta-
tistical limit is robust.
4. RESULTS
We compute flux, luminosity, and unbound mass upper
limits for each of Hα, Hβ, Hγ, He Iλ5876, and He Iλ6678
using Eq. 3, which are shown in Figure 4 and presented in
Table 1. The gray regions correspond to masked locations in
the final spectrum, with prominent masked regions including
host galaxy Hα, Hβ, Hγ, N II, and S II.
4.1. Mitigating Host Galaxy Contamination
The 1D extracted spectrum of ASASSN-18bt includes sev-
eral regions contaminated by host galaxy emission lines, in-
cluding Hα. Since ASASSN-18bt is a serious SD system
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Line Wline W (5σ) Flux Limit Luminosity Limit H-rich Mass Limit He-rich Mass Limit
[Å] [Å] [10−16 erg cm−2 s−1] [1037 erg s−1] [M] [M]
Hα 21.9 0.169 1.50 4.32 0.006 . . .
Hβ 16.1 0.202 1.84 5.29 0.011 . . .
Hγ 14.5 0.225 2.05 5.88 > 1 . . .
HeI-a 19.6 0.095 0.85 2.44 0.005 0.020
HeI-b 22.3 0.071 0.62 1.79 0.007 0.017
Table 1. Upper limits on undetected spectral features expected from unbound companion material. He I-a and He I-b correspond to He Iλ5876
and He Iλ6678, respectively.
candidate based on the bump and color in the early light
curve, all avenues must be explored when considering if the
observed Hα emission stems from the host or the SN Ia itself.
We find the probability of the observed Hα emission stem-
ming from a non-degenerate H-rich companion extremely
unlikely for the following reasons:
1. There is extended Hα emission present in the 2D spec-
trum (Fig. 2).
2. The host galaxy has observed Hα emission in archival
SDSS spectra (Aguado et al. 2018).
3. Narrow Hα emission is also seen in the pre-maximum
spectra, and is attributed to the host galaxy (Li et al.
2018).
4. The spatial profiles of ASASSN-18bt in the 2D spec-
trum are inconsistent at 2.2σ in line center and 3.5σ in
line width (Fig. 3).
5. The derived velocity of the Hα emission line (≈
300 km s−1, the spectral resolution) is several fac-
tors too low compared to all dedicated hydrodynamic
simulations in the literature (Marietta et al. 2000; Pan
et al. 2012; Liu et al. 2012; Boehner et al. 2017).
6. There are other host galaxy lines observed in the neb-
ular spectrum, such as S II and O III, which have com-
parable velocity profiles as the observed Hα line and
are not expected to be prominent emission lines from
unbound material (e.g., Botyánszki et al. 2018).
7. If the observed Hα emission was truly from a stripped
companion, viewing angle should shift the emission
profile shape and center of Hα (Botyánszki et al. 2018)
unless the explosion happened while the companion
was directly perpendicular to our line of sight.
8. Any stripped companion material will consist of so-
lar metallicity material, not just pure H. In addition to
H emission, this material should exhibit He I emission
(Botyánszki et al. 2018), for which we have strict con-
straints (Table 1).
When masking the host galaxy Balmer emission lines, we
first fit the width of the observed Hα profile with a mea-
sured FWHM of 6.98Å (≈ 300 km/s), which is essentially the
spectral resolution (i.e., the galaxy lines are unresolved). We
mask (in velocity space) the same regions around Hβ and Hγ
to ensure we remove any possible host contamination, even if
undetected, in our analysis of the unbound material emission
lines. We also apply this method to the host galaxy N II and
S II emission lines, however, these lines occur near the edges
of their respective spectral regions of interest, and are there-
fore less critical to the final analysis. When computing the
flux limit of a spectral region that includes masked portions
of the spectrum, we use Eq. 3 as described in §3.
4.2. Hydrogen-Rich Companions
The limit on unbound H-rich material derived using Hα is
slightly less stringent than the same limit derived from the
He I-a line. However, the modeling for the Balmer series
is more extensive than that of the helium emission so we
adopt this value for our limit. The strictest 5σ mass limit
on stripped H-rich material, 0.006 M from Hα, is far lower
than the expected amount of unbound mass from simulations
in the literature (& 0.15 M; Marietta et al. 2000; Pan et al.
2012; Boehner et al. 2017). Our statistical limit concretely
rules out the possibility of a H-rich non-degenerate compan-
ion, including MS, SG, and RG models. Even considering
the 3σ worst case scenario for distance (58 Mpc) and flux
calibration (r = 21.81 mag), our limits on H-rich unbound
material are an order of magnitude stronger than the expected
stripped material.
4.3. Helium Star Companions
In addition to H-rich non-degenerate companions, helium
star donors have also been proposed as possible progenitor
systems for SNe Ia. Helium stars are typically the result of bi-
nary interaction, making them reasonable candidates for SN
Ia progenitors. In the literature, there have been a few studies
on possible effects of SN ejecta impacting a nearby RLOF He
star. Pan et al. (2012) and Liu et al. (2013) performed hydro-
dynamic simulations modeling the interaction between the
SN ejecta and the stellar surface, finding 0.023 − 0.057 M
of material is removed from the donor star by the explosion
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(He-r model from Pan et al. 2012 and W7_He01/2_r models
from Liu et al. 2013).
Botyánszki et al. (2018) also performed non-LTE spectral
modeling to predict line luminosities from He-rich unbound
material. However, Botyánszki et al. (2018) does not self-
consistently implement the velocity and density distributions
from helium star hydrodynamic simulations, but instead re-
places the unbound mass from the MS model with pure he-
lium. We inherently assume the same scaling between mass
and luminosity for He-rich material as H-rich material, which
is reasonable and likely more accurate than 1-to-1 scaling re-
lations previously assumed in the literature. However, we
conservatively view our He-rich mass limits as tentative, un-
til more detailed theoretical studies are conducted.
Our results place strong statistical limits on the amount of
He-rich unbound companion material, with 5σ upper limits
of 0.020 M and 0.017 M for He Iλ5876 and He Iλ6678, re-
spectively. These mass limits rule out even the least stripped
helium star models discussed above. Furthermore, even in
the absence of our limit, we note that a helium star compan-
ion would be too small (. 0.4 R, see Liu et al. 2013) to
explain the large early-time blue excess observed in the K2
light curve of ASASSN-18bt.
5. CONCLUSION AND DISCUSSION
In this Letter, we present the first nebular spectral anal-
ysis of ASASSN-18bt, a SNe Ia observed by K2 moments
after explosion. Although pre-peak data for ASASSN-18bt
is exquisite in terms of precision and temporal sampling,
the interpretation is inconclusive. One of the most enig-
matic features of ASASSN-18bt is the two-component rising
light curve (Shappee et al. 2018a; Dimitriadis et al. 2018a).
Previously, similar features have been interpreted as poten-
tial ejecta-companion interaction (e.g., Hosseinzadeh et al.
2017). The Shappee et al. (2018a) analysis of the rising
K2 light curve of ASASSN-18bt favors shallow 56Ni mod-
els over companion interaction models, whereas the analysis
conducted by Dimitriadis et al. (2018a) concludes a likely SD
progenitor system as the origin of the bump and blue excess.
This discrepancy warrants additional independent constraints
on ASASSN-18bt’s progenitor system.
With our nebular-phase KeckI/LRIS spectrum acquired
268 days after B-band maximum, we constrain the amount of
H and He emission from possible unbound companion ma-
terial. Using available models in the literature (Botyánszki
et al. 2018), we convert our non-detection of H and He emis-
sion lines into upper limits on the amount of unbound mass.
The resulting H and He mass limits rule out non-degenerate
H-rich and (tentatively) He star companions (Fig. 4, Table
1).
Since a SD progenitor system does not match the observed
early- and nebular-phase constraints, we consider a DD sys-
tem as the likely progenitor of ASASSN-18bt. However,
there is still the question of what causes the initial rise in the
early light curve. As discussed in Shappee et al. (2018a), a
small amount of 56Ni in the outer layers of the ejecta may re-
produce the observed early light-curve component. Further-
more, there is possible direct evidence for shallow 56Ni in the
nearby SN 2014J; a SN Ia which also exhibited an early rise
which cannot be explained by a single power law (Goobar
et al. 2015; Siverd et al. 2015). Diehl et al. (2014) and Isern
et al. (2016) claim detections of the 158 keV 56Ni gamma-ray
decay lines in SN 2014J between 16-35 days after explosion,
requiring ∼ 0.05 M of shallow 56Ni.
Early-time SNe Ia light curves have revealed unexpected
diversity, giving us additional views into their progenitor sys-
tems. Yet, while rapid progress has been made, there are still
large uncertainties in our understanding of these progenitors
systems. This uncertainty highlights the continuing need for
increased theoretical and observational work.
During the review process for this manuscript, Dimitriadis
et al. (2018b) released a similar, independent paper on nebu-
lar spectra of ASASSN-18bt. The findings of both studies are
in agreement, each placing strict upper limits on the possi-
bility of any unbound companion material.
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